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Figure 3. Corrected T2 relaxation times plotted versus the actual T2 relaxation time.
times of interest for cartilage are generally going to be less than 100ms.
The errors for each of the sequences for all vials with T2 relaxation times
less than 200 are shown in Table 1.
Conclusions: By placing phantoms with known T2 relaxation times in the
ﬁeld-of-view, it is possible to obtain more accurate T2 maps, regardless of
the pulse sequence. The dual echo fat saturated sequence provides the best
results, corrected or uncorrected. Another interesting result is that with a
four echo sequence, bias can be removed by dropping the ﬁrst echo from
the calculations. Correcting the T2 relaxation times based on the known
values in the vials automatically removes the bias. Therefore, using all
four echoes to calculate the corrected value provides better results than
dropping the ﬁrst echo.
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Introduction: Hand osteoarthritis (HOA) may be representative of general-
ized OA and may indicate a systemic predisposition for knee OA. A previous
cross sectional analysis has shown that the presence of Heberden’s nodes
(HNs) is associated with decreased cartilage thickness, but no longitudinal
studies have so far evaluated the relationship between HNs (as a marker
for HOA severity) at baseline and MRI-based cartilage loss in the knee.
Purpose: To evaluate whether the number of HNs, as a marker for HOA
severity, is associated with knee cartilage loss (or swelling) in a cohort of
OAI participants with variable disease stages. Secondly, to evaluate whether
HNs are associated with more rapid cartilage loss speciﬁcally in subjects
with moderate/severe radiographic knee OA
Methods: 766 knees from 766 OAI participants (456 women, mean [SD]
age 62.5 [9.4] years) with or at high risk of knee OA were studied over
12 months. The number of distal interphalangeal (DIP) joints (incl. thumb
IP) with bony enlargement (range 0-10) was assessed clinically (0.2.2
[clinical] data set). Femorotibial cartilage thickness (ThCtAB) was measured
quantitatively from coronal FLASHwe images by Chondrometrics GmbH,
Ainring, Germany (0.E.1 and 1.E.1 [imaging] data set). The subjects were
stratiﬁed into 4 groups based on the number of HNs: no/minimal HOA (0-1
HN), mild HOA (2-4 HNs), moderate HOA (5-7 HNs), and severe HOA (8-10
HNs). Longitudinal change in cartilage thickness in the knees was ranked
according to the magnitude of change (mm/year) across 16 anatomically
deﬁned subregions, with ordered value (OV) 1 displaying the region with
the greatest and OV16 the region with the least cartilage loss (or greatest
cartilage swelling) in each participant. In a primary model (ANCOVA), we
evaluated the linear trend of mean cartilage loss/swelling in OV 1 and OV
16 across the HN groups. We adjusted for age, sex, and BMI in a secondary
model, and stratiﬁed for no/mild knee OA (KLG 0-2) and moderate/severe
knee OA (KLG 3-4) in a third model.
Results: 341 (45%) participants had no/minimal HOA, 213 (28%) mild, 111
(14%) moderate, and 101 subjects (13%) severe HOA. 364 (48%) participants
had no deﬁnite (or mild) knee OA (KLG 0-2) and 402 (52%) had moder-
ate/severe knee OA (KLG 3-4). OV 1 (subregion with the greatest loss in
each participant) and OV 16 (subregion with greatest cartilage increase)
showed no signiﬁcant differences across the HN groups, neither in crude
analyses nor after adjustment for age, sex, and BMI (table 1). Stratiﬁed
analyses (adjusted for age, sex and BMI) showed similar results in subjects
with no/early knee OA (KLG 0-2) and with moderate/severe knee OA (KLG
3-4), with no signiﬁcant differences in OV 1 (p = 0.90 and 0.76, respectively)
and OV 16 (p = 0.55 and 0.71, respectively).
Table 1. Mean cartilage thickness loss (mm) according to the number of Heberden’s nodes
(HNs)
0-1 HN 2-4 HN 5-7 HN 8-10 HN P value
Crude analyses
Ordered value 1 -0.171 -0.147 -0.170 -0.162 0.93
Ordered value 16 0.114 0.116 0.112 0.108 0.39
Adjusted analyses
Ordered value 1 -0.171 -0.148 -0.172 -0.165 0.93
Ordered value 16 0.111 0.117 0.114 0.114 0.82
Conclusions: Over a 12 month period, the number of HNs at baseline was
not associated with the rate of knee cartilage loss (or swelling) assessed
with quantitative MR imaging. However, the relatively short observation
period warrants a cautious interpretation of results, hence reevaluation of
the sample after a longer period of follow-up is required.
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Purpose: It is reported that severe acetabular dysplasia associated with
subluxation progresses into premature osteoarthritis (OA). However, pa-
tients with mild hip displasia with approximately 15° CE angle may or may
not develop OA, and there have been no clear parameter that is useful
for prognosis prediction. Previous studies demonstrated that acetabular
labrum tears involves to the progression of hip OA. If the condition
of acetabular labrum inﬂuences the cartilage degeneration in hip joints,
evaluation of acetabular labrum can be a potential prognosis predictor in
the development of OA with mild hip dysplasia. In recent years, a variety of
methods to evaluate articular cartilage using MRI attract attention. Among
them,T2 mapping calculating T2 relaxation time is reported to be simple
and easy way to evaluate cartilage degeneration. The objective of this study
was to quantitatively assess cartilage degeneration in hip joints with mild
dysplasia and acetabular labrum degeneration via T2 mapping.
Methods: Subjects were 21 patients (27 joints, all cases woman, mean
age: 48.7 years old, range: 22∼78 years) who had acetabular dysplasia
with CE angle greater than 5° and smaller than 25° (mean: 15.2°) Twelve
healthy cases without hip dysplasia are examined as contorols (all cases
woman, average age 49.2 years old, range: 21∼84 years). With 1.5 T MRI,
T2 relaxation time of the cartilage was calculated with a work station
after having imaged it by the multi-echo SE sequence. In central coronal
plane and anterior 30 deg. oblique-coronal plane, we examined cartilage at
proximal top of the femoral head and cartilage of the femoral head adjacent
to acetabular labrum. Acetabular labrums were qualitatively graded into
four stages with the GRE T2* -weighted radial image and investigated the
relationship with the T2 relaxation time of cartilage.
Results: T2 relaxation time of superﬁcial layer of cartilage was extended
along with the progression of OA evaluated by plane X-ray and signif-
icant difference was observed in anterior 30 deg. oblique-coronal plane
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(P=0.04). We did not recognize a clear tendency in T2 relaxation time of
cartilage in proximal top of the femoral head regarding OA change. The
mean T2 relaxation time of the caritilage of the femoral head adjacent to
acetabular labrum was extended in conjunction with degenerative change
of acetabular labrum. This correlation was observed in prearthrosis joints
which demonstratede no or minor OA change in plain X-ray (P<0.05). No
signiﬁcant relationship was observed between T2 relaxation time and age,
body weight, CE angle or state of the contra-lateral hip joint.
Conclusions: T2 mapping techniques use T2 relaxation time as an indi-
rect indicator of structural change within articular cartilage due to the
alteration in interaction between water molecules and the collagen ﬁber
network with progressive cartilage degeneration. This study demonstrated
the clinical feasibility of T2 mapping using 1.5T MRI, which is widely used
in clinic, to evaluate hip joints with acetabular dysplasia. In addition, the
T2 relaxation time of cartilage was extended in conjunction with the de-
generative change of acetabular labrum. The results suggest that acetabular
labrum degeneration may play a important role in the pathology of OA in
hip joints at an early stage.
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THREE-DIMENSIONAL DISTRIBUTION OF HEALTHY KNEE CARTILAGE T2
MAPPING IN VIVO
T. Shiomi, T. Nishii, H. Tanaka, Y. Yamazaki, K. Murase, K. Nakata,
H. Yoshikawa, N. Sugano
Osaka Univ. Med. Sch., Osaka, Japan
Purpose: Some studies demonstrated potential of T2 mapping for assessing
cartilage degeneration, but they were restricted to evaluation of limited
area in the whole anatomical conﬁguration, due to availability of few
imaging planes at the femoro-tibial joints. Hence, there may be undetected,
abnormal cartilage lesions which were located out of the imaging section
and was undetected by those imaging techniques. The three-dimensional
(3D) distribution of the articular cartilage thickness in the knee joint
has been studied quantitatively using MR imaging in conjunction with
computational processing techniques, and no studies assessed T2 mapping
of articular cartilage in 3D knee models. The purpose of this study is to
assess 3D-T2 mapping and thickness of femoral cartilage of healthy knee
joint in vivo.
Methods: All participants provided informed consent to participate in the
study, which was approved by the Institutional Review Board. Fourteen
healthy subjects (24-38 years old, 7 male and 7 female, 7 left and 7 right)
with no knee pain and no previous history of knee injury participated in
this study. Each subjects’ knee was imaged using a fast image employing
steady-state acquisition cycled phases (Fiesta-C) sequence and T2 maps at
3.0T MR imaging system in the sagittal direction with the subject lying
supine. T2 maps were generated using a monoexponential ﬁt from 2D
multi-spin echo sequences, in which consecutive imaging sections without
interposition spaces were obtained by interleave acquisition techniques.
In both sequences, the same sagittal imaging planes were obtained in
each subject using identical axial localizing images. Cartilage region were
manually traced in each Fiesta-C image in custom-made software, and
used to construct 3D anatomic models of the femoral cartilage of the knee
joint. 3D-T2 mapping of femoral cartilage was constructed using that 3D
anatomic model of the femoral cartilage (Fig. 1). We assessed regional T2
mapping of femoral cartilage by dividing them into three regions of interest
(ROIs), trochlea of the femor (TrF), medial femur (MF), and lateral femur
(LF). TrF was used for aspects of the femoral cartilage located anterior to
Figure 1. (A) 3D-T2 mapping of femoral cartilage. (B) 3D mapping of cartilage thickness.
Figure 2. 2D-T2 map constructed from each sagittal T2 map and ROIs in the T2 map.
the intercondylar notch, and MF and LF for the medial and lateral aspects
of femoral cartilage posterior to it. The ROIs of the cartilage of MF and LF
were designated to be divided into an external and an internal subregion
(eMF, iMF and eLF, iLF) (Fig. 2).
Results: By the overall inspection of 3D-T2 and 3D-thickness map-
pings, anterior and posterior portions on the medial and lateral
femoral cartilages tended to show higher T2 values and lower thick-
ness, as compared with intermediate portions (Fig. 1). The average
T2 values of femoral cartilage were 39.6±3.5ms/38.3±2.9ms in the
medial/lateral condyle, and the average thickness were 1.7±0.3mm/
1.7±0.3mm in the medial/lateral condyle, respectively. Cartilage T2
values at eMF/iMF/eLF/iLF/TrF were 38.5±3.7ms/40.6±3.3ms/37.1±2.8/
39.6±2.6ms/37.2±2.3ms,respectively. (Fig. 3a) There were no signiﬁcant
differences among ROIs. Cartilage thickness at eMF/iMF/eLF/iLF/TrF were
1.6±0.2mm/1.7±0.3mm/1.6±0.3mm/1.7±0.2mm/2.1±0.4mm, respectively.
Cartilage thickness in TrF had signiﬁcantly higher value, compared to other
ROIs (p < 0.05).
Figure 3. (a) The T2 values of ROIs (N=14). (b) The cartilage thickness of ROIs (N=14).
*Signiﬁcant difference among ROIs (P<0.05).
Conclusions: The present study is the ﬁrst to reveal characteristic patterns
of cartilage 3D-T2 mapping in normal knees in vivo. The present ﬁnding
that enabled to assess quantitatively whole femoral cartilage of knee joint
may aid in understanding the normal morphology and condition of the
femoral cartilage, investigating which region of femoral cartilage tend to
degenerate ﬁrst and the mechanism of osteoarthritic involvement in the lo-
cal area. This result may make it possible to evaluate cartilage degeneration
without morphology change.
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Purpose: In patients with knee OA, quadriceps weakness is a common
clinical feature which is considered to be an important determinant of
